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ABSTRACT

Objective: To evaluate the possible association between thyroid function within the euthyroid range and
musculoskeletal parameters as well as body composition in a sample of postmenopausal women.
Methods: This cross-sectional study included 96 postmenopausal women with serum thyroid-stimulating
hormone (TSH) within the normal laboratory reference range. Fasting venous blood samples were obtained
for biochemical/hormonal assessment. Bone status and body composition were measured using Dual
Energy X-ray absorptiometry (DXA). Physical activity was quantified using the International Physical Activity
Questionnaire (IPAQ) index.

Results: Serum TSH correlated with handgrip strength (HGS, r-coefficient = 0.233, p = .025), and total body
bone mineral density (BMD) T-score values (r-coefficient = 0.321, p = .003). HGS measures were associated
with BMD (r-coefficient = 0.415, p < .001), with bone mineral content (BMC, r-coefficient = 0.427, p < .001),
and lean mass (r-coefficient = 0.326, p = .003). Women with low muscle strength, defined as HGS < 16kg,
had lower TSH levels than women with normal muscle strength (low vs. normal muscle strength, ANCOVA
1.13 £ 049mU/L vs. 1.60£0.83mU/L, p = 0.024) independently of age, BMD, percentage of body fat or
absolute lean mass. Multivariable linear regression analysis showed that HGS values were associated with
TSH measurements (B-coefficient = 0.246, p = .014) and BMD T-score values (B-coefficient = 0.306, p = .002).
All models were adjusted for age, body mass index (BMI), vitamin D, low-density lipoprotein cholesterol,
current smoking, physical activity, and homeostasis model assessment of insulin resistance.

Conclusions: In this sample of postmenopausal women, lower serum TSH values, within normal range,
were associated with lower muscle strength compared to higher normal TSH values. Further research is
needed to elucidate the significance of our preliminary findings.
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Introduction

A growing body of evidence has described a negative association
between female post-reproductive life and the musculoskeletal
system and body composition [1,2]. The menopausal transition
per se has been associated with a change in body composition:
an increase in body fat and a corresponding decrease in lean fat
mass [3]. Moreover, menopause but also aging per se is known
to induce a decrease in muscle strength, which is clinically man-
ifested as a lower handgrip strength (HGS) [4]. The latter has
gained particular attention due to its close relation with bone
metabolism and its possible use as a clinical indicator of sarco-
penia in various populations [5].

Aging, on the other hand, appears to modify thyroid func-
tion, secondary to the natural adaptation of the hypothalamic-
pituitary-thyroid axis to the aging process itself [6,7]. In women,
levels of the unstimulated thyroid-stimulating hormone (TSH)

appear to increase with aging [8-10]. Levels of serum triiodothy-
ronine (T3) appear to decrease with time, while thyroxine (T4)
serum levels are usually preserved [11]. Moreover, aging individ-
uals are characterized by the reduced conversion of T4 to T3,
ensuing in a lower T4 to T3 ratio [12].

Fluctuation of thyroid hormones within the normal range has
been associated with musculoskeletal development and body
composition, but the evidence remains conflicting due to the
heterogenous nature of the assessed populations. A negative asso-
ciation between TSH levels and HGS has been described by one
longitudinal [13] and three cross-sectional population-based
studies [14-16]. In a gender-stratified approach, recent evidence
reported an inverse association between HGS and TSH levels,
mainly in males aged less than 65years and a positive association
between HGS and TSH levels in males aged more than 65years
[17,18]. Evidence on the possible association between bone turn-
over and thyroid hormones is still controversial, with studies
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reporting both a positive association [19-21] or a lack of an
association [22-24]. The possible link between thyroid hormones
and body composition has been described only by one earlier
study, which reported an association between TSH levels and
markers of adiposity in the general population [25]. In an earlier
study, we demonstrated that body composition after menopause
is associated with thyroid function within the normal range [26].

Given the role of thyroid hormones in regulating not only
body composition but also musculoskeletal health, we aimed to
evaluate the possible association between TSH within the normal
range and parameters of bone and body composition and muscle
strength in a sample of postmenopausal women.

Methods
Study population

This was a cross-sectional study that recruited postmenopausal
women attending the outpatient Menopause Clinic of Aretaieio
Hospital in Athens, Greece from January 2021 and August 2022.
This clinic has been active since 1993 and serves as a referral
Center for women experiencing symptoms at the time of the
menopausal transition, as well as postmenopausal women expe-
riencing chronic problems of aging. To be included all had nor-
mal thyroid function defined as a TSH within normal laboratory
range (0.4—4.5mU/L), as well as normal levels of free thyroxine
and free triiodothyronine. The menopausal status was character-
ized by the absence of menstruation for 12 or more consecutive
months, a serum follicle-stimulating hormone (FSH) level
>25 mIU/mL and an estradiol (E2) level <50pg/mL.

Exclusion criteria were as follows: clinically overt or treated
cardiovascular disease, acute or chronic inflammatory diseases,
thyroid dysfunction or pituitary pathology, diabetes mellitus of
any type either diagnosed or treated, hepatic or renal insuffi-
ciency, history of recent surgical intervention for any reason and
the presence of a tumor of any origin. In addition, we excluded
women under treatment with any of the following either at the
time of the study recruitment or 6 months prior to this: (a)
nitrates or steroids, (b) hormone replacement therapy, (c) selec-
tive estrogen receptor modulators, (d) anti-osteoporotic drugs
(e.g. bisphosphonates and/or denosumab) or teriparatide or
romosozumab (e) any medications. A total of 96 women fulfill-
ing the inclusion criteria were included in the study. All partici-
pants provided informed consent, and the research protocol of
this study was approved by the Local Ethics Committee.

Protocol study procedures

A detailed medical history was recorded for all participants. We
measured anthropometric parameters, including body weight (kg)
and waist circumference (cm). A digital weight scale was used to
measure body weight, and a stadiometer was used to measure
height (m) in an upright position. Body mass index (BMI) was
calculated using the equation: body weight (kg)/height (m)>. Fasting
venous blood samples were collected on the same morning, centri-
fuged when necessary, and stored at —80°C until assessment.

Assessment of body composition and bone status

Body composition was determined by Dual Energy X-ray absorp-
tiometry (DXA; General Electric Lunar Corporation, Madison,
WI). For this purpose, all women were positioned for regional

and whole-body scans, according to the manufacturers protocol.
Body fat distribution was determined as percentage of body fat
and absolute lean mass (kg). The same scan provided information
on the bone mineral density (BMD, expressed as g/cm?) and the
bone mineral content (BMC, expressed as g) of participants.
According to this Z and T scores are presented.

Physical activity assessment

Physical activity was evaluated by means of the International
Physical Activity Questionnaire (IPAQ) index, which has already
been validated for the Greek population, as previously described
[27,28]. The IPAQ index classifies the extent of physical activity
based on the amount of time spent into the following activities
during the previous 7 d, namely walking or physical activity of
moderate vs. high intensity [28]. Metabolic equivalent of task
(MET) minutes were estimated for each category of physical
activity, and the total MET-minutes per week were calculated, as
previously described [27,29].

Accordingly, intense physical activity was defined for those
participants meeting any of the following criteria:

o At least 3 d of vigorous intensity activity achieving a
minimum of at least 1500 MET-minutes per week.

o At least 7 d of combined activity, consisting of
vigorous-intensity or moderate-intensity activity or walk-
ing, achieving a minimum total of at least 3000
MET-minutes per week.

Moderate physical activity was defined for those participants
meeting at least one of the following criteria:

o At least 3 d of vigorous-intensity activity or 220 min/d.

o Atleast 5 d of moderate-intensity activity and/or walking
for 230 min/d.

o At least 5 d of any combination of walking, moderate-,
or vigorous-intensity activity achieving a minimum total
of 2600 MET-min/week.

Sedentary lifestyle or low physical activity was defined for
those participants who did not meet any of the above criteria.

Evaluation of musculoskeletal status

For this purpose, we evaluated HGS using a hydraulic hand
dynamometer (Jamar®, Sammons Preston, Bolingbrook, IL). The
measurements were performed with the participants in sitting
position, the elbow at 90° flexion, the forearm in neutral position
and the wrist between 0 and 30° of extension. The mean of three
consecutive measurements in each hand was used for analysis
(intraclass correlation coefficient 0.94-0.98 depending on the
tested side) [30-32]. Women with HGS measures below the cut
off of 16kg were considered to have low muscle strength, whereas
those with higher HGS measures were considered as having nor-
mal muscle strength [33]. The mid upper arm circumference
(MUAG; cm) and triceps skinfold thickness (TSF; cm) were esti-
mated as previously described [34].

Biochemical and hormonal assays

Biochemical assays were performed on the Architect ¢ 8000 sys-
tem (Abbott Diagnostics, Abbott Park, IL). Serum glucose was



measured by the hexokinase/G-6-PDH methodology (Abbott;
coefficient of variance, CV < 5%). Total cholesterol (TC) was
measured by enzymatic assay (Abbot; CV < 3%) and triglycerides
by the enzymatic glycerol phosphate oxidase methodology
(Abbott; CV < 5%). High density lipoprotein cholesterol (HDL-C)
levels were assessed by chromogenic accelerator selective deter-
gent methodology (ultra HDL assay, Abbott; CV < 4%) and
low-density lipoprotein cholesterol (LDL-C) by elimination meth-
odology (multigent direct LDL, Abbott; CV < 4%).

Hormonal serum assays were performed on the Architect
i1000SR analyzer (Abbott Diagnostics) by chemiluminescent
microparticle immunoassay (CMIA; Abbott) and included: insu-
lin (CV < 7%), TSH, free thyroxine (FT4; CV < 10%), free
triiodothyronine (FT3) and 25 (OH) Vitamin D (CV< 4.6%) lev-
els. The homeostasis model assessment of insulin resistance
(HOMA-IR) was calculated as follows: fasting insulin (pU/mL) x
fasting glucose (mmol/L)/22.5.

Statistical analysis

Statistical analysis was performed using SPSS version 27.0(SPSS
Inc., Chicago, IL). Qualitative data is expressed as frequencies
(percent values), while quantitative data expressed as mean val-
ues and standard deviation (mean+SD). For the purpose of the
assessment, we used TSH levels as a continuous parameter. The
normality of distributions was evaluated using both exploratory
data analysis and the Kolmogorov-Smirnov test.

Correlations between parameters of interest were evaluated
using Pearson’s correlation coefficient. Differences between con-
tinuous variables were assessed using the independent samples
t-test (for baseline observations) or one-way analysis of vari-
ance (ANOVA) as well as analysis of co-variance (ANCOVA).
We particularly assessed differences in bone and body compo-
sition parameters according to muscle strength, were the fol-
lowing confounders were utilized, namely age, height, current
smoking, physical activity, LDL-C, vitamin D, and insulin resis-
tance. We also assessed differences in TSH values according to
muscle strength, where the following confounders were consid-
ered, namely age, BMD, % of body fat, and lean mass (kg).
Linear regression analysis was used to evaluate the potential
association between high vs. low-normal levels of TSH and
bone and body composition parameters, in models adjusted for
traditional risk factors such as age, vitamin D, physical activity,
blood lipids, and insulin resistance. We used variance-inflation
factors to estimate co-linearity between independent variables
in regression models, all factors were estimated as < 2, imply-
ing that multicollinearity did not bias the regression models.
For all calculations statistical significance was set at the level of
p < .05.

Results

The results of the descriptive analysis for the 96 women of the
study are presented in Table 1, including the results for anthro-
pometric and demographic parameters, biochemical/hormonal
serum levels, body composition, bone densitometry results, and
musculoskeletal assessment.

Table 2 depicts the results of the correlation analysis
between TSH levels and analyzed parameters. Accordingly, we
observed that TSH correlated positively with HGS (r-coefficient
= 0.233, p = .025) and total body BMD T-score values
(r-coefficient = 0.321, p = .003). Measures of HGS were
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Table 1. Studied parameters of postmenopausal women (n = 96) with normal
thyroid function.

Mean+SD Minimum  Maximum
Anthropometric parameters
Age (years) 572178 35.0 90.0
Years since menopause 7.8+6.6 1.0 28.0
(years)
Systolic blood pressure 117.0+£20.3 130.0 160.0
(mmHg)
Diastolic blood pressure 72.9+9.5 50.0 100.0
(mmHg)
Weight (kg) 713+13.6 49.0 122.0
Body mass index (kg/m2) 28.0+5.7 18.6 50.7
Current smoking (%) 24%
Physical activity
Sedentary lifestyle (%) 16.1%
Moderate activity (%) 56.3%
Intense activity (%) 27.6%
Metabolic equivalent of task 722.5+675 50 3558
min/week
Biochemical/hormonal
parameters
Cholesterol (mg/dL) 212.8+32.8 137.0 304.0
Triglycerides (mg/dL) 94.4+33.5 414 182.0
HDL-C (mg/dL) 66.1£14.8 41.0 107.9
LDL-C (mg/dL) 131.7+£29.3 67.0 1929
Glucose (mg/dL) 93.5+10.4 73.0 132.0
HOMA-IR 1.8x1.1 0.4 53
Vitamin D (ng/dL) 23.9+14.2 9.1 56.3
Thyroid-stimulating hormone 14+0.8 0.4 39
(mU/L)
Free thyroxine (ng/dL) 1.1+£0.1 0.7 1.51
Free triiodothyronine (pg/ 29+0.6 0.9 4.0
mL)
Body composition
% of body fat 46.6+6.1 34.0 60.9
Lean mass (Kg) 344+39 222 425
Bone densitometry (total
body)
Bone mineral density (g/cm?) 1.1+£0.1 0.9 1.3
Bone mineral content (g) 23+03 1.8 3.1
T-score -0.1+09 -2.2 2.1
Z-score 1.03+0.9 -1.3 3.6
Musculoskeletal assessment
Hand-grip strength (kg) 19.9+4.7 9.5 317
Dynapenia 16 (16.7)
Mid-upper arm 31.2+£54 21.0 52.0
circumference (cm)
Triceps skinfold (cm) 29.7+8.8 12.0 52.0

Data are presented as mean=standard deviation, minimum-maximum values,
and frequency n (%).

HDL-C: high density lipoprotein cholesterol; LDL-C: low density lipoprotein cho-
lesterol; HOMA-IR: homeostasis model assessment of insulin resistance

associated with BMD values (r-coefficient = 0.415, p < .001),
with BMC values (r-coefficient = 0.427, p < .001) and lean
mass measures (r-coefficient = 0.326, p = .003) (Data not
shown in the table).

Figure 1 shows the comparison of mean TSH levels between
women with low and normal HGS. We observed lower TSH lev-
els in women with low HGS compared to women with normal
HGS (low vs. normal HGS, ANCOVA 1.13 = 049mU/L wvs.
1.60 + 0.83mU/L, p = .024) adjusted for age, BMD, percentage
body fat and lean mass.

Furthermore, women with low HGS had lower total BMD
measures, lean mass and total BMC compared to women with
normal HGS (low vs. normal HGS, total BMD: 2.176.5 + 234.5g/
cm? vs. 2,342.1 + 289.0g/cm?, ANOVA p = .043; lean mass,
327 + 4.6kg vs. 350 + 3.7kg, ANOVA p = 0.042; BMC,
2.17 £ 0.23g vs. 2.34 £ 0.29g, ANOVA p = .049). Further adjust-
ment for confounders like age or BMI resulted into the loss of
statistical significance for BMD and BMC measures. However,
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the association between lean mass and HGS values remained sig-
nificant even after adjustment for age, height, current smoking,
LDL-C, physical activityy HOMA-IR, vitamin D (ANCOVA
p = .023), Figure 2.

Table 3 shows the results of linear multivariable regression
analysis, to evaluate the association of TSH to bone and body
composition measures. TSH measurements were positively asso-
ciated with HGS (B-coefficient = 0.246, p = .014) and BMD
T-scores (B -coefficient = 0.306, p = .002). All models were
adjusted for age, vitamin D, LDL-C, current smoking, physical
activity, BMI, and HOMA-IR.

Table 2. Correlation analysis between values of handgrip strength, thyroid func-
tion, and body composition.

Thyroid stimulating hormone

r-Coefficient p Value

Anthropometric/demographic
parameters

Age (years) —-0.094 .362
Years since menopause (years) 0.001 .989
Body mass index (kg/m?) 0.052 613
Systolic blood pressure (mmHg) —0.063 .567
Diastolic blood pressure (mmHg) —-0.141 194
Biochemical/hormonal parameters
Cholesterol (mg/dL) 0.048 .652
Triglycerides (mg/dL) -0.009 930
HDL-C (mg/dL) 0.128 228
LDL-C (mg/dL) —0.021 .844
Glucose (mg/dL) —0.042 .690
HOMA-IR 0.089 .685
Vitamin D (ng/dL) 0.009 929
Musculoskeletal assessment
Handgrip strength (kg) 0.233 .025
Mid upper arm circumference (cm) 0.073 .535
Triceps skin fold (cm) —0.068 557
Body composition
Lean mass (kg) —-0.047 677
% of body fat —0.052 645
Bone densitometry (total body)
BMD (g/cm?) -0.178 .109
BMC (g) 0.043 701
T-score 0.321 .003
Z-score —-0.122 278

BMD: bone mass density; BMC: bone mineral content; HDL-C: high density lipo-
protein cholesterol; LDL-C: low density lipoprotein cholesterol; HOMA-IR:
homeostasis model assessment for insulin resistance

Bold p values indicate statistical significance, which was set at the level of <.05.

Discussion

The results of this study highlight the role of TSH values within
the normal range, with regards to musculoskeletal health of
women after menopause. Multivariable linear regression analysis
showed that postmenopausal women with lower TSH normal
range values have less muscle strength and lower BMD T-score
compared to women with higher TSH normal range values.
Similarly, women with low muscle strength have significantly
lower values of TSH when compared with women of normal
muscle strength, after adjustment for risk factors (e.g. body com-
position, age, vitamin D, and physical activity).

We highlighted a positive association between TSH values
within the normal range and muscle strength in this group of
postmenopausal women, free from intake of thyroid hormone
replacement therapy. In a gender-stratified approach, recent evi-
dence reported an inverse association between HGS and TSH
levels, mainly in males, but results regarding postmenopausal
women remain inconclusive [17,18]. Kim et al. [17] could not
demonstrate an association between HGS measures and levels of
TSH in the female subgroup of their study (n = 533) but demon-
strated differences in levels of thyroid hormones between elder
men and women. Unfortunately, the study by Kim et al. did not
provide any information on the possible use of menopause hor-
mone therapy [17]. A large-scale Korean study (1487 men and
1407 women, aged at least 19 years) showed an age-dependent
positive association between TSH levels above the normal refer-
ence range and HGS measures, evident only in men aged more
than 65 years [18]. Important to mention is the fact that the
postmenopausal status has not been taken into consideration
though [18].

The same topic has been addressed by studies evaluating
mixed-gender populations. Three cross-sectional
population-based studies described a negative association
between TSH levels and HGS in elderly individuals of both
genders [14-16]. The study by Szlejf et al. [15] demonstrated
in older adults a U-shaped association of TSH levels with sar-
copenia and low muscle strength, assessed by HGS measures
and bioelectrical impedance analysis. On the contrary, a lon-
gitudinal population-based study described in a mixed-gender
population (61.9% males, no adjustment for the female repro-
ductive status) that the annual change in HGS measures is
predicted by high-normal FT3 and higher FT3-to-FT4 ratios,

Figure 1. Thyroid stimulating hormone levels in women with low vs. normal muscle strength. Low muscle strength is defined as a HGS < 16kg. Error bars represent

standard deviation.



Figure 2. Bone and body composition parameters according to muscle strength
are presented as univariate analysis of variance (ANOVA) or co-variance (ANCOVA,
adjusting for age, height, current smoking, physical activity, LDL-C, vitamin D,
and insulin resistance). Low muscle strength is defined as a HGS < 16kg. Error
bars represent standard deviation. ANOVA: analysis of variance; ANCOVA: analysis
of co-variance; HOMA-IR: homeostasis model assessment of insulin resistance;
LDL-C: low-density lipoprotein cholesterol; HGS: handgrip strength. Statistical sig-
nificance was set at the level of p value < .05.

but reported no association between HGS and FT4 or
TSH [13].

According to the results of our study, values of HGS were
associated with the amount of lean mass as well as indices of
bone metabolism. Another cross-sectional analysis of 143 adults
aged more than 70years described gender-specific results; they
showed that women with adequate vs. insufficient appendicular
lean mass have greater maximal isometric and dynamic biceps
strength, and maximal isometric and dynamic leg extension
strength [35], which agrees with our findings. A recent
cross-sectional study of 249 postmenopausal women reported
that the risk for dynapenia after the menopause is estimated as
1.06-times higher for each 1% of adiposity and 1.09-times higher
for every year in age [36]. The same study showed that the risk
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Table 3. Linear multivariable regression analysis models which included muscu-
loskeletal or body composition parameters or bone densitometry as dependent
variables.

Independent variable:
TSH continuous

Dependent variables B-coefficient p Value
aMusculoskeletal parameters

Handgrip strength (kg) 0.246 014
Mid upper arm circumference (cm) -0.012 921
Triceps skin fold (cm) —-0.070 412
bBody composition parameters

Lean mass (kg) 0.254 383
% of body fat —0.030 912
‘Bone densitometry (total body)

Bone mineral density (g/cm?) -0.152 .604
Bone mineral content (g) -0.125 623
T-score 0.306 .002
Z-score —-0.168 544

Thyroid stimulating hormone was included in all models as the independent
variable, adjusted for various confounding factors. In particular model 1 and
3 were adjusted for age, LDL-C, current smoking, physical activity, vitamin D,
and homeostasis model assessment of insulin resistance, body mass index;
model 2 was adjusted for age, LDL-C, current smoking, physical activity,
height, vitamin D. and HOMA-IR.

aModels were adjusted for age, LDL-C, current smoking, physical activity, vita-
min D, and homeostasis model assessment of insulin resistance, body mass
index.

PModels were adjusted for age, LDL-C, current smoking, physical activity, height,
vitamin D, and HOMA-IR.

Bold p values indicate statistical significance which was set at the level of <.05.

for dynapenia was found to be lower for women with higher
femoral T-scores [36]. An earlier study evaluated 117 physically
active postmenopausal women and reported a cross-sectional
association between HGS and BMD measures at all sites, whereas
both lean mass and fat mass were positively correlated with fem-
oral neck BMD ([37].

The association between TSH levels and BMD as well as mus-
cle mass and strength can be explained by the results of recent
studies which described the non-genomic effects of thyroid hor-
mones. A growing body of evidence has reported the expression of
TSH-receptors in extrathyroidal tissues, including adipose tissue
and osteoblasts, while the TSH-receptor messenger RNA and the
related protein are also expressed in skeletal muscles [38,39]. More
specifically, experimental data on mice models and rodent muscle
cells, has described that TSH administration can regulate insulin
resistance via the protein kinase A and the cyclical AMP response
element binding protein (PKA-CREB) pathway [38]. TSH has also
been thought to induce lipolysis and thermogenesis via its receptor
in preadipocytes, while it is also involved in skeletal remodeling
and bone resorption in osteoblasts or osteoclast precursors [40-43].

The results of our study indicate the need for reassessment of
the normal range of thyroid hormones in the aging individuals.
The double-blind, randomized, placebo-controlled Thyroid
Hormone Replacement for Untreated Older Adults with
Subclinical Hypothyroidism Trial (TRUST) trial evaluated 737
adults aged at least 65 years who were diagnosed with persisting
subclinical hypothyroidism. The primary analysis of the study
could not identify any difference in hypothyroid symptoms or
tiredness score at 1 year post intervention [44]. In addition, the
secondary analysis of the TRUST study could not demonstrate
any improvement in hypothyroid symptoms or tiredness, in the
group of older adults with higher hypothyroid symptom burden
at baseline [45]. Data in adults aged 80 years or older, retrieved
from two randomized clinical trials, also showed that treatment
of sub-clinical hypothyroidism with levothyroxine compared to
placebo was not associated with any improvement in fatigue or
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hypothyroid symptoms [46]. Emerging evidence suggests that
TSH levels are positively associated with longevity, while the
TSH set-point increases with advancing age, a fact that is imply-
ing that higher levels of TSH may be related with better clinical
response in older individuals compared to the younger adults
[47]. Taking our results as well as previous data into consider-
ation, it appears that there is a need for an age-specific reference
range of TSH, which will adjust for higher normal values in the
aging population.

This pilot study has certain limitations that need to be out-
lined. First, the cross-sectional design does not allow assessment of
causality. Second, the sample size is rather small. Third, we
encountered many missing values in the analysis of FT3, conse-
quently the power to assess potential associations between FT3
and HGS or body composition parameters was not optimal.
Hence, further analysis with values of FT4 and/or FT3 was not
performed. Fourth, we measured thyroid hormone levels and mea-
sures of HGS only at one point of time. Despite this, this study
adds to the limited available literature on the possible interrelation
between serum TSH levels and measures of HGS, after evaluating
a carefully selected group of postmenopausal women, recruited
from an outpatient menopause clinic of a University hospital.

In conclusion, despite the above-mentioned limitations, in
summary, the results of this study demonstrate the potential role
of TSH values in the upper part of the reference range concerning
measures of musculoskeletal health in an otherwise healthy post-
menopausal sample. TSH values at the lower end of the normal
range are associated with lower muscle strength and lower BMD
T-scores. These results are implying a potential role of low normal
thyroid function in postmenopausal women. Further prospective
studies are required to elucidate the significance of our findings.
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